Abstract: This paper deals with the techno-economic study of the hybrid renewable energy system based on energy storage aspect under the form of hydrogen and methane. Indeed, with the intermittency of the renewable energy sources such as photovoltaic and wind energy, several problems of produced energy injection to the power system network can be encountered due to the shortage or the excess of these sources. This situation appeals the use of systems that ensure the stability of network based on the storage of energy surplus into gas using electrolyzer systems, which will be used afterward to cover the eventual shortage. In the present paper, the study of performance of each pathway of methane and hydrogen storage has been performed by the treatment of multiple scenarios via different architecture case studies in an Algerian location. Whereas, the energy produced by the photovoltaic system, the wind energy and the gas micro turbine sources are considered similar in each case. The modeling and simulation of the studied system operation under optimization criteria has been performed in this work, where the main aim is to define the appropriate configuration taking into account the different with low costs of investment, maintenance operation and immediate reactivity with a big storage capacity.
Introduction
With the actual growth of the global electrical energy demand and its crucial role in all kinds of domestic, commercial and industrial activities, and due to the to the environmental aspect and the expected depletion of traditional energy sources in the near future, the problem of transition for other sources of energy is more urgent than before to be solved. Indeed, the impact of such transition will necessarily lead to the search for new ways and methods to ensure the transition toward Renewable Energy Systems (RES) that will be more efficient for electrical energy production, use and storage. Indeed, due to the energy sources availability and the technological and economic reasons this transition is based mainly on the exploitation of Photovoltaic Systems (PVS) and Wind Energy Conversion Systems (WECS). However, the inherent issue of both of these technologies are depending directly on the volatile and random weather condition which may lead to the presence of fluctuation in the total produced power. Especially when these energy sources are connected to the network power systems, where this fluctuation can have critical effects on the quality of the transferred power [1] . On the other side, advanced operational techniques and improved control strategies will be required to ensure a safe, stable and reliable operation of the electric power system.
The storage systems are one among such options to improved the quality of electric power based on renewable energy sources, where these systems ensure the storage of the excess energy during overproduction or under consumption periods [2] . For this purpose, several indirect electrical energy storage systems have been used such as compressed air energy storage system (CAESS), pumped hydro energy storage system (PHESS), flywheel energy storage system (FESS) , battery energy storage system (BESS), hydrogen and Methane or Synthetic Natural Gas (SNG) [3] . In this work the storage of energy via the production of Hydrogen ( 2 H ) and Methane ( 4 CH ) is investigated, these systems are known as the Power to Gas (PtG) storage systems, they are actually attracting more attention of energy actors, industries and researchers, where these systems are the keystone in hybrid renewable energy systems (HRES). Indeed, in the near future, the increased operation of PtG systems will be considered as an important solution of energy storage, where it is proved in recent researches that the production of CH is the promising key of multiples problems of HRE systems, due to the large scale long term storage and the facility of linking power network to gas grid. This can be achieved by 2 H production through water electrolysis that will be stored or injected in natural gas grid on one side or to be used with external Carbone dioxide ( 
CO ) for
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CH production on the other side. The resulting Methane can be injected into the existing gas grid or gas storage system and can be easily reutilized by energy conversion systems [4] . Power-to-Hydrogen (PtH) pathway represents the less complex technical solution that is ready in terms of current technological availability to be used in real large scale applications. This pathway implies that the hydrogen obtained through the electrolysis process is injected in the natural gas network. Unfortunately some limitations impose the volume of hydrogen that can be injected in the natural gas network without massive changes in the infrastructure and the end-user applications. Whereas, recent studies report that this limit is situated between 7 and 20 percent of hydrogen concentration [5, [7] [8] [9] . However, with a safe value considered to be between 2 and 7 percent Technical limits can also occur given specific end-user appliances, such as gas vehicles, compressors, gas turbines and aquifer storage, that might not tolerate a hydrogen concentration above a certain threshold. Power-to-Methane (PtM) represents the more complex technological pathway of the PtG concept, bringing 2 CO into the equation, with the aim of offering an even better storage capacity and flexibility by accessing the natural gas transport and distribution infrastructure without any limitations related to the injected gas concentration, while in the same time emphasizing the environmental advantages of this technology. This pathway is considered a solution of 2 CO emissions, it can be used in order to achieve some environmental gains, where one of its most important steps consist of the 2 CO capturing from 2 CO emitters such as power plants, cement or steel industry, refineries [5] . The advantage of Power to Hydrogen pathway is related to the Hydrogen characteristics, it has a very high specific energy density, that is to say, it contains a lot of energy in a small mass: (Hydrogen: 120 MJ / kg). When it is used, it causes only the release of water vapor, avoiding any production of carbonaceous gases such as carbon monoxide ( CO ) or 2 CO . However, it must be compressed to high pressures (200 bar to 700 bar) to be transported in a reasonable volume. In addition to security problems that it has, this compression takes a lot of energy. It's also stored in specific tanks with composites reinforced by winding filament (specific carbon fiber, mainly but other materials are tested as basalt fibers) [10] . Compared to PtH pathway 4 of 20 the PtM pathway adds two additional technological processes, 2 CO capture and methanation. These additional stages cause efficiency penalties which lower the overall efficiency of the PtG pathway compared the PtH pathway, in the same time the methanation reaction is an exothermic reaction which generates heat. This is confirmed by the fact that the 4 CH combustion enthalpy is lower than the used hydrogen combustion enthalpy. But resulting Methane SNG is compatible with the natural gas network, which means that it can be stored and transported using the existing infrastructure and without additional modifications to the end user appliances. Its combustion does not increase the 2 CO emissions when it is produced from the same amount of 2 CO [5, 6, 26] .
In this paper, two different PtG scenarios are investigated based on either 2 H and 4 CH pathways respectively, this concept was developed by lot of researchers and companies, but the difference in this paper is the development and comparison of two process together which can deal finally to an optimal techno-economic pathway that can be combined with the hybrid renewable energy systems.
Economic evaluation of multiple scenarios of PtG systems
Actually several research works are focusing mainly on the economic studies of HRES, especially systems with intermittent sources of energies, where the main aim is to define the most appropriate systems to be used following the specified sources constraints, on the other side to motivate researchers to develop new technologies to improve the efficiency of such systems. In this section, an economic evaluation is presented for both systems PtH and PtG. Due to references such as E&E consult, HESPUL, Solagro « Etude portant sur l'hydrogène et la méthanation comme procédé de valorisation de l'électricité excédentaire » and France Strategy (2015) [10] . The investments costs of Electrolyzer chain is in the order of 750 000 €/MWinput and for Methanizer chain is in the order of 50 000 €/MWinput. Figure 1 and Table 1 Figure 1 shows the two parameters CAPEX and OPEX of both Power to Gas concepts and their progress in 2014, 2020 and 2030. It can be noted that from 2014 to 2020 an important step of development is known on the field of PEM electrolyzer which affects the costs of both systems. the previsions of 2030 show that the costs of PtM will be more and more decreased, this is due to the concentration of all research on the reduction of 2 CO in the atmosphere such as the development of the Methanation reaction and biogas digesters which give more efficiency to this pathway. 
System under Study
The system under study in this paper is presented in Figure 2 , it consists of permanent energy sources of PV, WE and MGT (independent of the network) and two energy storage systems (Autonomous Hybrid System). The first energy storage system represents the power to Hydrogen (PtH) system, it consists of PEM Electrolyzer, Hydrogen Tanks and PEM fuel cell. The second energy storage systems represents the power to Methane (PtM) system, it consists of PEM Electrolyzer, 2 CO source and Methanation reactor [8, 3] . The flowchart shown in Figure 3 , represents the principle of the system under study, the first step is the measurement of the wind speed, the average insolation and the quantity of hydrogen in the tank, this step may be ensured by control cabinet, if the parameter of solar and wind are less than the minimum values and the quantity of hydrogen is more than the minimum, Gas micro turbine increases the power production and the fuel cell start production to cover the shortage of energy. On the other hand, the system start measuring and comparing the power production and energy demand (load), if load is less than produced power, the electrolyzer starts producing hydrogen and 2 CO capturing, if the quantity of 2 CO reaches the required quantity to methanation process, reactor start producing Methane which is used by the MGT, if not the resulting 2 CO will stored to reach the required quantity and 2 H will be stored or used by the Fuel Cell. 
Permanent autonomous energy sources of the used hybrid system
The permanent energy sources of the hybrid renewable energy system proposed in this work are based on (WE) and (PV). However, these two sources are constrained on weather conditions such as wind and irradiation availability and temperature [13, 24] in Figure 4 , is used to ensure power supply when (WE) and (PV) power drops, it is widely used as generating unit in distributed generation (DG) systems and as energy producer in combined heat and power generation (CHP) systems. Actually the MGTs are proposed to be used as micro-sources in Micro-grids and autonomous small grids. Indeed, with an electrical power output ranging from 25kWto 500 kW, (MGTs) are a relatively new technology that is currently attracting a lot of interest in DG market. During the day the MGT power production is decreased due to the availability of the power produced from the WE and PV of the hybrid system plant [14, 25] . 
PEM Electrolyzer
Excess of electrical energy can be used to produce hydrogen via water electrolysis. Indeed, there are lots of types of electrolysis technologies that can be used in PtG process such as the Alkaline Electrolysis (AEL), the Polymer Electrolyte Membranes (PEM), and the Solid Oxide Electrolysis (SOEC). Indeed, The SOEC also known as high temperature electrolysis, is the most recently developed electrolysis technology, it is still at the laboratory stage. On the other side, compared to the AEL, the PEM is relatively a new technology where the first commercial PEM electrolyzer was available in the market since in 1978. This technology is based on the use of a solid polymer membranes, where the Oxygen and the hydrogen are produced at the anode and cathode sides respectively as explained in the reaction presented in equations (1-3) . The most commonly used membrane material is Nafion [8, 10, 11] . By applying a DC voltage, oxygen, protons and electrons are produced. At the cathode side, hydrogen is formed by the recombination of electrons and protons overall chemical reaction of the water electrolysis is presented by the following equations [15] [16] : 
Hydrogen storage
The storage of hydrogen is one of the important challenges in PtH pathway, this is due to the fluctuations of power supply of electrolyzer which influences directly on electrolyzer operating time and output hydrogen [16] . Several ways of hydrogen storage have been presented in the literature, they are generally divided into physical storage and material storage. However the hydrogen can be stored as a gas or a as liquid, the storage of hydrogen as a gas typically requires high-pressure tanks (350-700 bar [5,000-10,000 psi]). whereas, its storage as a liquid requires cryogenic temperatures because the boiling point of hydrogen at one atmosphere pressure is −252.8°C. Hydrogen can also be stored on the surfaces of solids (by adsorption) or within solids (by absorption) which is known as material storage. [19] . the storage of hydrogen as gas presents more advantages comparing to the others technologies but hydrogen is a small energetic molecule, so it tends to diffuse through any material intended to contain it, this causes embrittlement or weakening of tanks and pipes containing the hydrogen.
PEM Fuel Cell
Fuel cells provide a very efficient way of converting the energy in the hydrogen into electricity. They were first made in about 1842 by a Welsh scientist, Sir William Roberare Grove, and were used in spacecraft in the 1960s. Since 1990 there has been intensive development for commercial applications. It consists of two electrodes separated by an electrolyte. The fuel and oxygen are continuously fed into the cell and the products of reaction are withdrawn continuously. When the electrolyte is acidic, the half-cell reactions occurring at the hydrogen electrode (anode) and at the oxygen electrode (cathode) are as follows: 
Methane Pathway
Methanation reaction
Two main process of methanation have been presented in the literature, the biological methanation and the catalytic methanation. In this paper, the catalytic methanation which was developed for the first time on 1902, is investigated due to its practical process in (PtM) pathway. However since the oil crisis on the 1970s, the use of methanation for the production of (SNG) from 9 of 20 synthesis gas has gained increasing interest and attention, in the same time the 2 CO methanation for SNG production has been also investigated for decades [16] . It is important to clarify that to perform the catalytic methanation further processing of the hydrogen and carbon dioxide via the Sabatier reaction is required, shown in Figure 6 . In the following, the Sabatier reaction and its implementation process is described, whereas, different 2 CO sources including their respective advantages and disadvantages are discussed in next sub-section. The Sabatier process is based on the catalytic hydrogenation of carbon dioxide to methane. The process is operated at temperatures of 250 -400 °C with pressures of 1 -80 bar [1] . A catalyst based on ruthenium which is stable at operation conditions makes the reaction more efficient. It is described by the following reaction: 
CO Sources
The 2 CO provided to the PtG process is the 2 CO captured from exhausts gases, It is well known that capture of carbon dioxide is one of the major industrial challenges of the coming years. Various experiments are underway to ensure the capture of the greenhouse gas emissions directly to the source, such as the output of thermal power plants, where its concentration in the air is higher than 10% (by volume) [10, 22] . However, there are various 2 CO capture processes such as:
The post combustion capture process is the one mostly used process in industry, the goal of this process is to recover 
Primary source of energy
The primary source of energy in this study is represented by WE, PV and MGT, the simulation of these systems is done via Homer Software, sown in Figure 7 , where the chosen location is one of optimal sites in Algeria. It is situated in the north of Algeria, at 36 ° 38 '05 "North 3 ° 35' 26" East, called Tipaza. Climate data is given by Homer Software (NREL sources).
The overall studied HRES is shown in Figure 8 and Table 2 , where the input of the renewable energy sources is about 51%. The results of simulation along one year are represented in Figures 9  and 10 . Figure 8 represents the electrical energy production during one year, where the variation of the primary sources depends directly on wind and solar resources of the studied site, IT can be noted that during the months of March, May and July wind energy participation is the most important in comparison with the PV and the MGT, but during the months of January, February, Jun and August the participation of the MGT is the most important and this is due to the decrease of the onsite wind velocity causing the decrease of wind power production. Figure 10 .A represents the variation of electrical energy consumption and the excess of energy, while Figure 10 .B represents the variation of the electrical energy production for the three systems the PV, the WE and the MGT. It is obvious that the increase of the excess of energy has a direct dependence to the WE production and this is due to the daily variation of wind resources.
The MGT plays the role of a support energy source where its intervention is important when the WE production decreases such as during the period between 2end and 3rd January. Contrary to this, it is equal to zero during the days of the 5th and the 6th January. The MGT is simulated where the resulting carbon dioxide during one day of energy production is shown in Figure 11 . 10 AM and this is due to the production level during the MGT operating time, while it increases to reach about 0.74 Kg/h on 20 PM.
PEM Electrolyzer
The hydrogen production in the electrolyzer is performed via the splitting of water into hydrogen and oxygen which is relatively high because the water molecules have a stable structure at ambient temperature. A potential voltage of 1.23V is applied to cells to initiate the electrochemical reactions at the anode and cathode electrodes in the same time [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Faraday's law expresses the mass flow rate i F of the element i according to the electric current I :
An electrolyzer is constituted by the juxtaposition of electrolysis cells arranged in series. Where U is the overall voltage, it presents the sum of the cells' voltages ( u ). The voltage of the electrolysis is then expressed:
Where rev E is the reversible decomposition voltage given by :
And the activation overvoltage is expresssed:
where 0 j , j are respectively, the densities of the currents exchanged at the cathode and at the anode.
The input power of electrolyzer in this simulation is the resulting excess power, the parameters of simulation are represented in the appendix. Figure 12 represents the hydrogen mass flow resulting from electrolyzer, where the variation of the resulting hydrogen is due to operating time of the system. Between 0:00 and 6:00 hydrogen flow reach the maximum mass flow of ( 4 to 5 Kg/h) because of the electrical excess which is important in this period due to the lower power consumption such as the period between 16:00 and 18:00, contrariwise in the period between 19:00 to 21:00 the resulting hydrogen is decreased to 1 kg/h, the same for the period between 10:00 to 16:00. 
PEM Fuel Cell
The operating principle of the fuel cell is based on the reverse process of the electrolyzer. An oxidation-reduction (in the presence of platinum) reacts hydrogen and oxygen to produce electricity, water and heat according to the equations of the electrochemical reactions occurring at the electrodes of a PEMFC cell, the unit fuel cell voltage is presented [20] :
are respectively the activation polarization, the ohmic polarization and the concentration polarization. Nernst E is the thermodynamic potential of a unit cell. In the case where the liquid water is the product of the PEMFC. The expression of the Nernst E equation is expressed as follows: 
Where T is the absolute operating temperature of the stack (K), * 2 H P and
P are the partial pressures at the interface of hydrogen and oxygen (atm) respectively, in the case of a stack PEMDC producing liquid water. The voltage ( s E ) of ( n ) unit cells connected in series can be calculated as [20] :
The energy (thermal) efficiency of the fuel cell (FCL) is defined as follows: Figure 14 represents the variation of fuel cell output power according to input hydrogen flow. In this simulation, the temperature and the pressure are not dynamic where output power depends mainly on hydrogen flow. It reaches the maximum of 1.5 Kw when hydrogen input reaches 2.5 to 3.5 Kg/h in the period from 00:00 to 7:00 and from 16:00 to 19:00 it reaches 0.5 Kw due to the decreasing hydrogen flow. Using large quantity of hydrogen tank can manage the output hydrogen which stabilizes the fuel cell output power, in the same time the use of multiple unities of Fuel cell can increase the output power supplied to the grid. 
Methanation reactor
Methanation reactor generally operates with the Sabatier process which is based on the catalytic hydrogenation of carbon dioxide to methane. This process starts functioning at temperatures of 250° to 400°C with pressures of 1e80 bar, via nickel-and ruthenium-based catalysts [10] . A lot of mathematical models are existing in the literature, in order to see the input and output of this system a simple model based on calculating the speed of reaction has been used and it is expressed as follows [17] :
With H P , CO P are the partial pressures of the hydrogen and the carbon dioxide respectively.
The volume of the reactor can be calculated as follows: The Figure 16 shown the power production and load in the day and the Figure 15 represents the variation of input and output gases in the methanation reaction which is represented by Sabatier reaction where nickel catalyst is required to play the role of a regulator between the input hydrogen and the CH flow is linked with O H 2 with 1.2 to the maximum of 1.6 Kg/h of Methane output and 0.6 to 0.8 Kg/h of water vapor between 00:00 to 9:00 and a decrease of Hydrogen and Carbone dioxide in this period. It is considered that this reaction starts running at 00:00, it can be see that it needs a time delay to reach the balance (about 1 hour) after this time the variation will depend on multiple variables such as electrical energy excess. Whereas 2 CO and 2 H temperature and pressure are not taken in consideration.
Conclusion
The modeling and simulation of the case studied in the first part has as main objective the study of the feasibility of both technology and the visualization of the various parameters at the operating curses. It has been observed that the implementation of a power to gas concept plays such an important role in the conservation and conversion of energy in particular in periods when the network presents peaks of overproduction. According to the results of the simulation represented in this paper the storage of energy as gases than for re-use is an optimal solution, which presents a good yield and it's achievable for the chosen location of the study and even for divers systems however the architecture of these systems become more complicated.
Methane production is a new solution allows more flexibility to hydrogen storage and utilization via the two ways studied. Methane production plays also an important role in the futures years with the improvement of methanation process. From an economic point of view and according to previsions represented in this paper appropriate system for the futures years should contain the both of systems PtH and PtM. The most important parameter to take in consideration is the fraction of hydrogen storage and this is due to the costs of storage and capacity storage. This fraction should varied from location to others according to primary sources of energy and 2 CO sources.
Finally and due to this study a big challenge of Power to Gas Systems management should be developed to ensure a good level of efficiency. 
